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(54) Variable fragments of immunogioburms - use for therapeutic or veterinary purposes 

(57) The present invention relates to fragments, 
especially variable fragments of immunoglobulins which 
are by nature devoid of light chains these fragments 
being nevertheless capable of exhibiting a recognition 
and binding activity toward specific antigens. 

The present invention further relates to the use of 
such immunoglobulin fragments formed of at least one 
heavy chain variable fragment or derived therefrom, for 
therapeutic or veterinary purposes and especially for 
passive immunotherapy or serotherapy. 
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Description 

The present Invention relates to fragments, especially variable fragments of immunoglobulins which are by nature 
devoid of light chains these fragments being nevertheless capable of exhibiting a recognition and binding activity toward 
5 specific antigens. These fragments of immunoglobulins can for example be obtained by the expression in host cells for 
example in prokaryotic cells or eukaryotic cells of nucleotide sequences obtained from aninnals naturally expressing so- 
called "two-chain immunoglobulins", for instance from animals of the camelid family. 

The present invention further relates to the use of such immunoglobulin fragments formed of at least one heavy 
chain variable fragment or derived therefrom, for therapeutic or veterinary purposes and especially for passive immu- 
10 notherapy or serotherapy. 

Functional immunoglobulins devoid of light polypeptide chains termed « two-chain immunoglobulin » or « heavy- 
chain immunoglobulin » have been obtained from animals of the family of camelids and have been described in an 
international patent application published under number WO 94/04678, together with two publications, especially Ham- 
ers-Casterman et at, 1993 and Muyldermans et al, 1994). 
15 The isolation and characterization of these immunoglobulins, together with their cloning and sequencing have been 
described in the above referrenced documents which are incorporated by reference in the present application. 

According to WO 94/04678 it has been established that different molecules can be isolated from animals which nat- 
urally produce them, which molecules have functional properties of the well known four-chain immunoglobulins these 
functions being in some cases related to structural elements which are distinct from those involved in the function of 
20 four-chain immunoglobulins due for instance to the absence of light chains. 

These immunoglobulins having only two chains, neither correspond to fragments obtained for instance by the deg- 
radation in particular the enzymatic degradation of a natural four-chain model immunoglobulin, nor correspond to the 
expression in host cells, of DNA coding for the constant or the variable regions of a natural four-chain model Immu- 
noglobulin or a part of these regions, nor correspond to antibodies produced in lymphopaties for example in mice, rats 
25 or human. 

The immunoglobulins devoid of light chains are such that the variable domains of their heavy chains have proper- 
ties differing from those of the four-chain immunoglobulin variable heavy chain (V^) For clarity reasons, this variable 
domain according to the Invention will be called Vhh >n this text to distinguish it from the classical Vh of four-chain immu- 
noglobulins.The variable domain of a heavy-chain immunoglobulin according to the invention has no normal interaction 
30 sites with the or with the Ch1 domain which do not exist In the heavy-chain immunoglobulins. It is hence a novel frag- 
ment In many of its properties such as solubility and conformation of main chains. Indeed the Vhh ^ Invention can 
adopt a three-dimensional organization which distinguishes from the three-dimensional organization of known four- 
chain immunoglobulins according to the description which Is given by Chotiiier C. and Lesk A.M, (1987- J.Mol. Biol. 197, 
901-917). 

35 According to tiie results presented in patent application WO 94/04678, the antigen binding sites of the Isolated 
Immunoglobulins, naturally devoid of light chains are located on tiie variable region of their heavy chains. In most cases, 
each heavy chain variable region of these two-chain immunoglobulins can comprise an antigen binding site. 

A further characteristic of these two-chain immunoglobulins is tiiat their heavy polypeptide chains contain a varia- 
ble region (V^h ) and a constant region (Ch) according to the definition of Roitt et al but are de/oid of the first domain 
40 of ithe constant region is called Ch 1 . 

These Immunoglobulins of the type described hereabove can comprise type Q immunoglobulins and especially 
immunoglobulins which are termed immunoglobulins of class 2 (lgG2) or immunoglobulins of class 3 (lgG3). according 
to the classification established in patent application WO 94/04678 or in the publication of Muyldermans et al (Protein 
Engineering Vol.7, N°9, pp 1129-1135-1994). 
45 The absence of tiie light chain and of the first constant domain lead to a modification of the nomenclature of the 
Immunoglobulin fragments obtained by enzymatic digestion, according to Roitt et al. 

The terms Fc and pFc on the one hand, Fc' and pFc' on tiie other hand corresponding respectively to the papain 
and pepsin digestion fragments are maintained. 

The terms Fab, F(ab)2,F(ab')2,Fabc, Fd and fv are no longer applicable in their original sense as these fragments 
50 have either a light chain, the variable part of the light chain or the CH^ domain. 

The fragments obtained by papain digestion or by V8 digestion, composed of the Vhh domain of the hinge region 
will be called FVhh^ or F(y^^h)2 depending upon whether or not they remain linked by the disulphide bonds. 

The immunoglobulins referring to the hereabove given definitions can be originating from animals especially from 
animals of the camelid family. These heavy-chain immunoglobulins which are present in camelids are not associated 
55 with a pathological situation which would induce tfie production of abnormal antibodies with respect to the four-chain 
immunobiobulins. On tiie basis of a comparative study of old world camelids (Camelus bactrianus and Camelus droma- 
derius) and new world camelids (for example Lama Paccos, Lama Glama. and Lama Vicugna) the inventors have 
shown that the immunoglobulins devoid of light polypeptide chains are found in all species. Nevertheless differences 
may be apparent in molecular weight of these immunobglobulins depending on the animals. Especially the molecular 
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weight of a heavy chain contained in these immunoglobulins can be from approximately 43 Kd to approximately 47 kd, 
in particular 45 kd. 

Advantageously the heavy-chain immunoglobulins of the invention are secreted in blood of camelids. 

The variable fragments of heavy chains of Immunoglobulins devoid of light chains can be prepared starting from 
5 immunoglobulins obtainable by purification from serum of camelids according to the process for the purification as 
described in detail in the examples of WO 94/04678. These fragments can also be generated in host cells by genetic 
engineering or by chemical synthesis. They can also be obtained from heavy-chain immunoglobulins by digestion with 
papain or V8 enzymes. 

The observation by the inventors that Camelidae produce a substantial proportion of their functional immunoglob- 
10 ulins as a homodlmer of heavy chains lacking the Ch1 domain and devoid of light chains(Hamers-Casterman et al, 
1993), led to the proposal of having recourse to an immunized camel to generate and select single variable antibody 
fragments (Vhh). 

Cloned camel single Vhh fragments were displayed on bacteriophages for selection and in bacteria for the large 
scale production of the solut)le proteins, and were shown to possess a superior solubility behaviour and affinity proper- 

15 ties compared to the mouse or human Vh equivalents (Muyldermans et al, 1994). Following this strategy, one would 
obtain small ligand binding molecules (MW around 16,000 D) which are not hindered by the presence of an oligopeptide 
linker (Borrebaeck et aL, 1 992) or not inactivated by the disassembly of the VH-VL complex (Glockshuber et al., 1 990). 
The camel Vhh fragments have the additional advantage that they are characteristic of the heavy chain antibodies 
which are matured in vivo in the absence of light chains. 

20 The inventors have obtained evidence that variable fragments of high chains of immunoglobulins devoid of light 
chains can display an effective therapeutic activity when they are generated against a determined antigen. 

To develop this technology of preparing and identifying usefull camel Vhh fragments, it is critical (i) that camels can 
be immunized with a variety of antigens, (ii) that the camel Vhh genes can be cloned and expressed on filamenteous 
phages and in E.coli for easy selection with the immobilized antigen by panning, (iii) that the expressed camel Vhh's are 

25 properly folded, and (iv) that they have good solubility properties and possess high affinities and specificities towards 
their antigen. 

Camel Vhh ganes derived from the heavy chain immunoglobins lacking the light chains were previously cloned and 
analysed (Muyldermans et al., 1994). A comparison of the amino acid sequences of these camel Vhh clones clearly 
showed that the key features for preserving the characteristic immunoglobulin fold are all present. The specific amino 
30 acid replacements observed in the camel Vhh clones could correlate with the absence of the VL (variable light chains) 
and the functionality of the camel single Vhh domain (Muyldermans et al., 1994). 

The invention thus relates to a variable fragment (Vhh) ^ heavy chain of an immunoglobulin devoid of light 
chains, which is encoded by a nucleotide sequence obtainable by the following process: 

35 • treating blood lymphocytes or other appropriate cells of an animal of the Camelid family previously immunized with 
a determined antigen, in order to give access to their mRNA, 

- synthesizing a first strand of cDNA starting from the obtained mRNA, 

- contacting the obtained cDNA with at least two different primer oligonucleotides in conditions allowing their hybrid- 
ization to at least two complementary nucleotide sequences contained in the cDNA, said primers comprising a 

40 BACK primer (back pi) having the following nucleotide sequence 5'-GATGTGCAGCTGCAG- 
GCGTCTGG(A/G)GGAGG-3' and a FOR primer (forp 1) replying to the following nucleotide sequence 5'-CGCCAT- 
CAAGGTACCGTTGA-3' 

amplifying the DNA fragment located between the nucleotide sequence hybridized with said primers and, 
recovering amplified DNA corresponding to bands of different size orders including: 

45 

a band of around 750 basepairs which is the amplified product of the variable heavy chain (Vh), CHI , hinge 
and part of CH2 region of a four-chain immunoglobin, 

a band of around 620 basepairs which is the amplified product of the variable heavy-chain (Vhh). 'or^Q hinge, 
and part of the CH2 of the camel two-chain immunoglobulin lgG2, 
50 a band of around 550 basepairs which is the amplified product of the variable heavy-chain (Vhh). short hinge, 

and part of the CH2 of the camel two-chain immunoglobulin lgG3, 

- purifying the two shortest bands from agarose gel, for example by Gene Clean, 

recovering the amplified DNA fragments containing nucleotide sequences encoding the Vhh fragments, 
55 - digesting the amplified products with restriction enzymes having target sites within the amplified fragments and/or 
in the nucleotide primers, for example with PstI and BstEII, 
recovering the digested amplified DNA fragments, 

ligating the amplified DNA fragments to a phasmid vector, for example in a pHEN4 vector, in conditions allowing the 
expression of the amplified fragments when the obtained recombinant vector is used to transform a host cell. 
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transforming a determined bacterial host cell for example an E. Coli cell with the obtained recombinant phasmid 
vector, and growing the cells on selective medium, to form a library, 

infecting the obtained library of recombinant host cells after culture in an appropriate selective medium, with bac- 
teriophages, for instance M13K07 bacteriophages to obtain recombinant phagemid virions, 
5 - incubating the recombinant host cells in conditions allowing secretion of recombinant phagemid virions particles 
containing the recombinant phasmid. for instance the pHEN4 phasmid packaged within the M1 3 virion, 
isolating and concentrating the recombinant phagemid virions, 

submitting the phagemid virions to several rounds of panning with the antigen of interest previously immobilized, in 
conditions allowing the adsorption of the phagemid virions on the immobilized antigen. 
10 - eluting the adsorbed phagemid virions, and growing them on appropriate cells, 
amplifying the phagemid virions by infecting the cells with helper bacteriophage, 

recovering the virions and testing them for their binding activity against the antigen of interest, for example by 
ELISA, 

- recovering the phagemid virions having the appropriate binding activity, 
IS • isolating the nucleotide sequence contained in the phasmid vector and capable of being expressed on the 
phagemid virions as a Vhh aminoacid sequence having the appropriate binding activity. 

In a preferred embodiment of the invention, the variable Vhh fragments are obtainable by adding to the hereabove 
described amplification step of the cDNA with BACK and FOR primers (p1), a further amplification step with a BACK 
20 primer corresponding to the oligonucleotide sequence which has been described hereakx)ve (back p1) and the FOR 
primer (for p2) having the following nucleotide sequence: 5'- CG ACT AGT GCGGCCGCG TGA GGA GAC GGT GAC 
£TG-3'. Not and BstEII sites which can be used for cloning in the pHEN4 vector have been underlined. This FOR primer 
allows hybridization to the codon position of framework 4 (FR4) region of the Vhh nucleotide sequences (amino acid 
position 113-103). 

25 According to another variant of the process described, this additional amplification step can replace the amplifica- 
tion step which has been described with BACK primer and a FOR primer having respectively the following nucleotide 

sequences: 

5'-GATGTGCAGjQI£iCAQGCGICI2Q(A/G)GGAGG-3' 

5'-CGCCATCAAGGTACCGTTGA-3' 
30 The restriction sites have been underiined. 

In another embodiment of the invention the amplification step of the synthetized cDNA is performed with oligonu- 
cleotide primers including hereabove described BACK primer and FOR primer having the following sequences: 

FOR primer 3: 5'- TGT CTT GGG TTC TGA GGA GAC GGT -3' 

FOR primer 4: 5'- TTC ATT CGT TCC TGA GGA GAC GGT -3' 
35 According to this latter embodiment, the Vhh fragments of the invention are immediately and specifically amplified 

by a single amplification (for Instance PCR reaction) step when the mixture of FOR primers is used. 

These latter primers hybridize with the hinge/framework 4 and short hinge/framework 4 respectively. Each of these 

FOR primers allows the amplification of one IgQ class according to the classification given in patent application WO 

94/04678. 

40 The variable Vhh fragments corresponding to this definition can also be obtained from other sources of animal 
cells, providing that these animals are capable of naturally producing immunoglobulins devoid of light chains according 
to those described in the previous patent application WO 94/04678. 

These variable fragments (Vhh) can also be obtained by chemical synthesis or by genetic engineering starting from 
DNA sequences which can be obtained by the above described process. 

45 The variable fragment of a heavy chain of an immunoglobulin devoid of light chains according to the preceding def- 
initions is specifically directed against an antigen against which the animal has been previously immunized, either by 
natural contact with this antigen or by administration of this antigen In order to generate an Immune response directed 
against it. 

The process which is proposed hereabove to prepare a nucleotide sequence coding for the variable fragments of 
so the invention contains steps of phage display library construction which allow the selection of nucleotide sequences 
coding for variable fragments of heavy chains having the desired specificity. 

According to one preferred embodiment of the invention, the variable fragments of a heavy chain of a immunoglob- 
ulin devoid of light chains according to the invention is obtainable from an animal having been previously immunized 
with a toxin, especially a toxin of a bacteria or a part of this toxin sufficient to enable the production of immunoglobulins 
55 directed against this toxin and especially immunoglobulins devoid of light chains. 

According to another embodiment of the invention, the variable fragments of a heavy chain of a immunoglobulin 
devoid of light chains according to the invention is obtainable from an animal having been previously immunized with 
substances contained in venom of animals. 

The antigen used for immunization of the animals is usually under a non toxic form. 
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The variable fragments according to the invention can be derived from immunoglobulins belonging to different 
classes especially belonging to IGg2 or IGg3 immunoglobulin classes, according to the classification given in patent 
application WO/04678. 

In a preferred embodiment of the invention, the variable fragment of a heavy-chain of an immunoglobulin devoid of 
5 light chains is directed against the tetanus toxin of Clostridium tetani or against a fragment thereof. 

The variable fragments of heavy chains of immunoglobulins devoid of light chains can be also generated against 
toxins or part thereof from pathogenic organisms such as bacteria and especially can be chosen among the toxins or 
toxoids of the following bacteria: Clostridium, especially Clostridium Botulinum or Clostridium Perfrinqens. Staphyloco- 
ccus. Pseudomonas. Pasteurella. Yersinia. Bacillus Anthracis. Neisseria. Vibrio, especially Vibrio cholera, enterotoxic 
10 E. Coll. Salmonella. Shigella. Listeria. 

Other antigens appropriate for the preparation of the Vhh fragments of the invention can be obtained from the fol- 
lowing organism: anemonies, coral, jellyfish, spiders, beas. wasps, scorpions, snakes, including those belonging to the 
families of Viperidae, Crotalidae. Lapidea. 

According to another en^xxJiment of the invention, the variable fragment Vhh of a heavy chain of an immunoglob- 
15 ulin devoid of light chains is characterized in that it comprises the following aminoacid sequences: 

GluValGlnLeuGlnAlaSerGlyGlyGlySerValGlnAlaGlyGlySerLeuArgLeuSer 



CysAlaAlaSerGly(CDR1)Trp(Phe/Tyr)ArgGlnAlaProGlyLysGiu(A^^ 



(Glv/ LeuWalSer(CDR2)ArgPheThrlleSerArgAspAsnAlaLysAsnThrVal 



TyrLeuGlnMetAsnSerLeuLysProGluAspThrAlaValTyrTyrCysAlaAla(CDR3) 



TrpGlyGlnGlyThrGlnValThrValSerSer 

35 wherein CDR1. CDR2 and CDR3 represent variable amino acid sequences providing for the recognition of a deter- 
mined epitope of the antigen used for the immunization of Camelids, CDR1. CDR2 and CDR3 sequences comprising 
from 5 to 25 amino acid residues preferably CDR1 contains from 7 to 12 amino acid residues, CDR2 contains from 16 
to 21 amino acid residues and CDR3 contains from 7 to 25 amino acid residues. 

The camel Vhh specific amino acid residues Ser 11, Phe 37, Glu 44. Arg 45. Glu 46. Gly 47 are underlined. 

40 One preferred variable fragment according to the invention is encoded by a nucleotide sequence present in recom- 
binant phasmid pHEN4-aTT20/VK6) deposited at the BCCM/LMBP (Belgium) under accession number LMBP3247. 

The pHEN4aTT2 (described on Figure 2) is a phasmid can-ying a PelB leader signal, a camel Vhh S^^e of which 
the protein binds tetanus toxoid, a decapeptide tag (from tmmunoZAP H of Stratacyte) and gene II Ip of M 1 3 in the pUC 
119 polylinker between the Hindlll and EcoRI sites. This phasmid was transformed in E. coli WK6 cells. 

45 A specific variable fragment according to the invention is for instance characterized in that it comprises the following 
aTTI aminoacid sequence: 
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GluValGlnLeuGlnAlaSerGlyGlyGlySe/ValGlnAlaGlyGlySerLeuArgLeu 

5 

SerCysAlaAlaSerGlyGlyGlnThrPheAspSerTyrA/aMetA/aTrpP/ieArgGIn 
10 AlaProGlyLysGluCysGluLeuValSerSer//elleGlyAsp>(5pAsnArgAsnryr 
>\/aAspSerVa/LysG/yArgPheThrlleSerArgAspAsnAlaLysAsnThrValTyr 
LeuGlnMetAspArgLeuAsnProGluAspThrAlaValTyrTyrCysAlaGlnLeiiG/y 
SerA/aArgSerA/aMetTyrCysAlaGlyGlnGlyThrGlnValThrValSerSer 



IS 



20 



25 According to another preferred embodiment of the present invention, the variable fragment comprises the tollcwing 
aTT2 aminacid sequence : 



GluValGlnLeuGlnAlaSerGlyGlyGlySe/ValGlnAlaGlyGlySerLeuArgLeu 
SerCysThrAlaAlaAsnTyrAlaPheAspSerLysThrValGlyTrpPheArgGlnVal 
ProGlyLysGluArgGluGlyValAlaG/y//eSerSerG/yG/ySerT/irr/irA/a7yr 
SerAspSe#Va/LysG/yArgTyrThrValSerLeuGluAsnAlaLysAsnThrValTyr 
LeuLeulleAspAsnLeuGlnProGluAspThrAlalleTyrTyrCysAlaGly V/a/Ser 
G/yT/pArgG/yAigG/nripLeiiLeiiLeoA/aGluThrTyrArgPheTr^^ 
50 ThrGlnValThrValSerSer 



In a preferred embodiment of the invention, the variable Vhh fragment of the invention is altered in order to diminish 
55 its immunogenic properties. Such a modification can lead to an alternated immunological reaction against the Vhh ^^^9' 
ments of the invention when they are administered to a host either human or animal, for passive immunoprotection for 
example. 
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The invention further relates to a pharmaceutcal composition comprising an immunoglobulin heavy chain variable 
fragment according to those which have been defined hereabove, in admixture with a physiologically acceptable vehi- 
cle. 

Such pharmaceutical composition can be used for the treatment by passive immunisation, of infections or acute 
5 intoxications by toxins such as those of Clostridium, especially Clostridium Botulinum or Clostridium Perfrinoens. Sta- 
phylococcus. Pseudomonas. Pasteurella. Yersinia. Bacillus Anthracis. Neisseria. Vibrio, especially Vibrio cholera. 
enterotoxic E. Coli. Salmonella. Shigella. Listeria or anemonies, coral, jellyfish, spiders, beas, wasps, scorpions, 
snakes, including those belonging to the families of Viperidae, Crotalidae, Lapidea. 

The present Invention further relates to nucleotide sequences coding for a variable fragment (Vhh) of a heavy chain 
10 of an immunoglobulin devoid of light chains, obtainable by the process which has been described hereabove. 

Specific nucleotide sequences are those corresponding to aTTI and aTT2 as described on figures 4A and 48. 
According to an embodiment of the invention, a preferred nucleotide sequence is the sequence contained on phas- 
mid pHEN4-aTT2 deposited at the BCCM/LMBP collection in Belgium on January 31, 1995 under no. LMBP3247. 
Other characteristics of the invention will appear from the figures and the examples which are described hereafter. 
15 FIGURE 1 : 1 % agarose gel electrophoresis of the Pstl/BstEII digested PCR anrplif ication product of the camel V^h 
gene (lanes 1 and 2] next to the 123 bp ladder of BRL used as a size marker (lane 4). The PCR product comigrates 
with the 3^ band of the marker, 369 bp in length. 

FIGURE 2 : Map of the pHEN4 with the nucleotide sequence of the Vhh cloning site shown in the lower part of the 
figure. The PstI and BstEll sites can be used to clone the camel Vhh product shown in Rgure 1. 
20 FIGURE 3 : 100 individual clones were randomly selected from the original camel Vhh library (0), or after the first 
(1), second (2), third (3) or fourth (4) round of panning. After M13 infection the virions were tested for binding activity 
against immobilized tetanus toxoid. The number of positive clones are shown as a function of number of pannings. 

FIGURE 4 : Nucleotide sequence and the corresponding amino acid sequence of the two identified camel Vhh anti 
tetanus toxoid clones pHEN4-aTT1 and pHEN4-aTT2. The framework Serll, Phe37 and Arg or Cys 45 characteristic for 
25 the camel Vhh heavy chain antibodies (Muyldermans et al. 1994) are double underlined. The three hypervariable or 
CDR's according to Kabat et al. (1991) are underlined. 

FIGURE 5 : SDS-polyacrylamide gel electrophoresis of the proteins extracted from the periplasm of WK6 cultures 
induced with IPTG. Lane 1 & 8, protein size marker (Pharmacia) MW are (from top of to bottom) 94,000; 67,000; 
43,000; 30,000; 20,100 and 14,400 D. Lanes 2 and 7 Expressed periplasmic proteins extracted from WK6 cells contain- 
30 ing pHEN4-aTT2' and pHENA-aTTI' doning vector. Lane 3 & 4, Purified Vhh domain of pHEN4-aTT2 at 10 and 1 
microgram. Lanes 5 & 6, Purified Vhh domain of pHEN4-aTT1 at 10 and 1 migrogram. The position of the expressed 
soluble camel VH protein is indicated with an arrow. It is dearly absent in the second lane. 

FIGURE 6 : The total periplasmic extract of 1 liter of culture of WK6 cells carrying the pHEN4-aTT2 was concen- 
trated to 5 ml and fractionated by gel filtration on Superdex 75 (Pharmada) using 150mM NaCL, 10 mM sodiumphos- 
35 phate pH7.2 as eluent. The pure Vhh 'S eluted at the fractions between the arrows. 

FIGURE 7 : CD (Circular dichroism) spectrum (Absorbance versus wavelength in nm) of the purified Vhh domain 
aTT2 at 3.9 x 10~^ Min water measured in a cuvette with a pathlength of 0.2 cm. The negative band near 217 and 180 
nm and the positive band around 195 nm are characteristic for p structures (Johnson, 1990). 

FIGURE 8 : Specificity of antigen binding shown by competitive ELISA. The experiments were carried out in tripli- 
40 cate with the bacterial periplasmic extracts of pHEN4-aTT1 and pHEN4-aTT2. 

FIGURE 9 : Number of mice surviving after I.P injection of 100 ngr tetanus toxin (10 x LD50) or co-injection of teta- 
nus toxin with the purified VnHaTTI , aTT2 or the non-specific cVH21 (Muyldermans et al., 1994) at 4 or 40 microgram. 
FIGURE 10 : Variability plot of the camelid Vhh sequence (CDR3 and framework 4 regions are not induded). 
The alignment of the Vhh an^ino acid sequences of camel and lama (a total of 45 sequences) was performed 
45 according to Kabat et al. TTie variability at each position was calculated as the number of different amino acids occuring 
at a given position, divided by the frequency of the most common amino acid at that position. Positions are nun^ered 
according to Kabat et al. The positions above the horizontal bar indicate the amino acids which are referrred to as 
(CDR1) and (CDR2) in the consensus sequence. 

A variability number equal to 1 indicates a perfectly conserved amino add at that position. The higher the variability 
so number the more likely it will be that the amino add at this position will deviate from the consensus sequence. 

Examples: 

Generation of specific camel VH^fraoments 

55 

In this application, results are presented, which prove the feasibility of generating spedfic camel Vhh fragments 
with demonstrated folding and good binding affinity. This was done by generating a library of camel Vhh fragments 
derived from the dromedary lgG2 and lgG3 isotype. display of the Vhh library on phage as fusion proteins with the gene 
III protein of bacteriophage M13 to allow selection of the antigen binders, and finally of expressing and extracting the 
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soluble and functional Vhh fragments from E.ooll . As antigen, we choose the tetanus toxoid was chosen because com- 
^ parisons are possible with published data. In addition, the tetanus toxoid is a highly immunogenic protein that is rou- 
tinely used as a vaccine in humans to elicit neutralizing antibodies.The two came! V^h fragments that were identified 
were specific and of high affinity. The affinities of the two camel V^h fragments appear to be comparable with those from 
5 the human anti-tetanus toxoid Fab's recently obtained by Mullinas et al. (1990) and by Persson et al. (1991). 

Camel immunization 

The serum of a camel (Gamelus dromedarius) was shown to be non-reacting with tetanus toxoid (RIT.Smith Kline 
10 Beecham, Rixensart, Belgium). This camel was injected with 100 pgr tetanus toxoid at days 9, 30,52. 90 and with 50 
^gr at days 220, 293 and 449. The blood was collected 3 days after each Injection. 

mRNA purification of camel blood Ivmphocvtes 

15 Peripheral blood lymphocytes were purified with Lymphoprep (Nycomed. Pharma) from the bleeding at day 452. 

Aliquots of 1 . 1 0^ -5. 1 0^ cells were pelleted and frozen at - 85°C and subsequently used as an enriched source of B-cell 

mRNA for anti-tetanus toxoid. 

The mRNA was prepared from a total of 10® peripheral blood lymphocytes either by the "Micro FastTrack" mRNA 

isolation kit (Invitrogen) or the "QuickPrep Micro mRNA Purification" kit of Pharmacia, following the recommendations 
20 of the manufacturer. With both protocols, up to a few ^gr of mRNA was obtained which was used in the subsequent 

cDNA synthesis step. 

cPNA synthesis and PCR amplif teation of camel YHtiflfiDe 

25 The first-strand cDNA was synthesized with the InvHroaen "cDN A-cyde" or the Pharmacia "Ready-To-Go"kit. The 
first-strand cDNA was used immediately aftenvards for the specific amplification of the camel Vhh region by PCR. The 
primers used have following sequences : the BACK primer (5'-GA TGTGCA GCTGCAG GCGTCTGG(A/G)GGAGG-3') . 
the internal PstI site is underlined) is designed to hybridize tothe framework 1 region (codons 1 to 10) of the camel Vhh. 
while the FOR primer (5'-CGCCATCAAGGTACCGTTGA-3') hybridizes in the CH2 region. The PCR was carried out 

30 with the Taq polymerase from Boehrinaer Mannheim. 

The PCR product was purified according to standard protocols (Sambrook et al., 1989) and digested with the PstI 
restriction enzyme of which the target site occurred in the BACK primer, and with BslEII which has a naturally occurring 
site in the framework 4 of the came! Vhh regions. The resulting fragments of approximately 360 bp (FIGURE 1) were 
ligated into the pHEN4 vector cut with the same restriction enzymes. The pHEN4 vector (FIGURE 2) is the pHENI 

35 phasmid (Hoogenboom et al., 1 991 ) - a pUC1 1 9 based vector -where the myc-tag was replaced by the decapeptide tag 
present in the ImmunoZAP H vector (Stratacyte). Also the pdylinker was modified to allow the cloning of the camel Vhh 
gene between a PstI and a BstEll site located after the PelB leader signal and in front of the decapeptide tag and gene 
111 of bacteriophage M13. 

40 Construction of a camel Vhh "brary 

The ligated DNA material was precipitated with 10 volumes and resuspended in 10 ml water and electrotrans- 
formed in E.coli XL1 Blue MRP cells (Stratagene) . After electroporation according to the recommended protocol (Strat- 
aqene) we kept the cells for 1 hour at 37°C in 1 ml SOC medium before plating on LB plates containing 100 mg 

45 ampicilline/ml. After an over night incubation at ZTC the transformed cells were grown out into colonies and some 
500,000 recombinant clones were obtained. About 20 colonies, randomly selected, were toothptcked and grown in 
selective medium (LB/Ampicilline) to prepare plasmid DNA and to check their insert by sequencing. For each clone 
tested, we found a different Vhh region with the aminoacid sequence and contents characteristic for a Vhh originating 
from a camel heavy chain immunoglobulin (Muyldermans et al., 1994). This indicates that a vast camel Vhh library was 

50 generated. 

The remaining 500.000 clones were scraped from the plates with a minimal amount of LB containing 50% glycerol 
and stored at -85°C until further use. 

Panning with tetanus toxoid 

55 

The library was screened for the presence of anti-tetanus toxoid camel Vhh's by panning. To this end, approxi- 
mately 10^ cells (=5 ml suspension of the frozen recombinant clones) were grown to midlogarithmic phase in 200 ml of 
LB medium supplemented with 1% glucose and 100 \iQ ampicilline/ml before infection with M13K07 bacteriophages. 
After adsorption of the bacteriophages on the E.coli cells for 30 min at room temperature, the cells were harvested by 
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centrifugation and washed in LB medium supplemented with ampicllline and kanamycin (25^g/ml).The cells were incu- 
bated overnight at 37*»C to secrete the recombinant pHEN phasmid packaged within the M1 3virion containing a came! 
Vhh ^used to some of its M13gene ill proteins (Hoogenboom et al., 1991). The phagemid virions were prepared accord- 
ing to the protocol described by Barbas et al. (1991). The phage pellets were resuspended in blocking solution (1% 

5 casein in phosphate kxjffered saline. PBS), filtered through a 0.2 mm filter into a sterile tube and used for panning. For 
the panning the Falcon 3046' plates were coated overnight with 0.25 mg/ml or 2 mg/ml tetanus toxoid dissolved in PBS 
or hydrogencarbonate pH 9.6.The wells were subsequently washed and residual protein binding sites were blocked 
with blocking solution at room temperature for 2 hours. The adsorption of the phagemid virions on the immobilized anti- 
gen and the washing and elution conditions were according to Marks et al (1991) or were taken from the protocol 

10 described by the (Recombinant Phage Antibody System >)of Pharmacia 4 consecutive rounds of panning were per- 
formed. After the fourth round of panning the eluted phagemid virions were added to exponentially growing TGI cells 
(Hoogenboom et al. 1991) and plated onampicilline containing LB plates. After overnight growth several colonies were 
grown individually in LB medium to midlogarithmic growing phase, and infected with M13K07 helper phage. The virions 
were prepared and tested for their binding activity against tetanus toxoid immobilised on microtiter plates. The presence 

15 of the virion binding to the immobilized antigen was revealed by ELISA using a Horse Radish Peroxidase/anti-M 1 3 con- 
jugate (Pharmacia) . The percentage of binders was increasing after each round of panning. In the original library we 
found 3 clones out of 96 which showed binding with the immobilizes tetanus toxoid. This number was increased to 11 , 
48 and 80 after the first, second and third round of panning. All of the individual clones which were tested after the fourth 
round of panning were capable to recognize the antigen, as measured by ELISA (FIGURE 3). Ten positive clones were 

20 grown and tested by PGR to check the presence of an insert with the proper size of theVnH Qene. and their DNA was 
finally sequenced. The sequencing data revealed that two different clones were present among this set of 10 clones. 
The phasmid DNA of these clones was named pHEN4-aTT1 and pHEN4-aTT2, (The pHEN4-aTT2 phasmid DNA was 
deposited at the "BelgianCoordinated Collections of Microorganisms" BCCM/LMBP on January 31, 1995 under acces- 
sion number LMBP3247), and it was shown that these two different clones contained a cDNA coding for a camel Vhh 

25 (FIGURE 4). Comparison of the amino acids in these clones with the camel Vhh clones analysed before (Muyldermans 
et al.. 1994) clearly indicated that the anti-tetanus camel Vhh originated from a heavy chain immunoglobulin lack the 
CHI domain and light chains. Especially the identity of the key residues at position 1 1 (Ser). 37 (Phe) and 45 (Arg or 
Cys) and 47 (Leu or Gly) prooved this statement (Muyldermans et al., 1994). 

30 Production of soluble cannel with anti-tetanus toxoid actlv'rty 

The phasmid DNA of the two clones which scored positive in the tetanus toxoid ELISA were transformed into WK6 
cells. These cells are unable to suppress the stopcodon present in the vector between the decapeptldetag and the gene 
III protein. The WK6 E,coli cells harboring the pHEN4-aTT1 or pHEN4-aTT2 phasmid were grown at 37''C in 1 liter of 

35 TB medium with 100 mgr ampicillin/ml and 0.1% glucose. When the cells reached an OD550 of 1 .0 we harvested the 
cells by centrifugation at 5000 rpm, 10 minutes. The cell pellet was washed once in TB medium with ampicillin, but 
ommltting the glucoes. The cells were finally resuspended in 1 liter of TB medium with ampicillin (100 mgr/ml). We 
induced the expression of the camel Vhh domain by the addition of 1 mM IPTG and further growth of the cells at 28°C 
for 16 hours. The expressed proteins were extracted from the periplasmic space following the protocol described by 

40 Skerra and Plucthun (1988). We pelleted the E.coli cells by centrifugation at 4000g for 10 min. (4°C). The cells were 
resuspended in 10 ml TES buffer (0.2 M Tris-HCI pH 8.0, 0.5 mMEDTA, 0.5 M sucrose). The suspension was kept on 
ice for 2 hours. The periplasmic proteins were removed by osmotic shock by addition of 20 ml TES diluted 1/4 with 
water. The suspension was kept on ice for 1 hour and subsequently centrifuged at 12.000 g for 30 minutes at 4*'C. The 
supernatant contained the expressed camel Vhh domain. The extract corresponding to 400 ml cell culture was applied 

45 under reducing conditions on a SDS/polyacrylamide protein gel. The extracted proteins were visualized in the 
SDS/polyacrylamide gels by Coomassie blue staining (FIGURE 5). A protein band with an apparent molecular weight 
of 16,000 D was clearly present in the E.coli cultures containing the recombinant clones and induced with IPTG. Alter- 
natively, the presence of the camel Vhh proteins in the extract was revealed with IPTG. Alternatively.the presence of the 
camel Vhh proteins in the extract was revealed by Western blot using a specific rabbit anti-camel Vhh or rabbit anti- 

50 dromedary IgG serum or the anti-tag antibody. 

We estimate from the band intensity observed in the Coomassie stained gel that more than 10 mg of the came! Vhh 
protein (non-purrfled) can be extracted from the periplasm of 1 liter induced Eco// cells. 

For the purification of the anti-tetanus toxoid camel Vhh we concentrated the periplasmic extract 10 times by ultra- 
filtration {MHipore membrane with a cut off of 5000 Da). After filtration the concentrated extract from the pHEN4-aTT2 

55 was separated according its molecular weight by getfiltration on Superdex-75 (Pharmacia) (FIGURE 6) equilibrated 
with PBS (10 mM phosphate buffer pH7.2, 150 mM NaCI). The peak containing the anti-tetanus toxoid activity eluted at 
the expected molecular weight of 16,000 Da indicating that the protein behaved as a monomer and doesn't dimerize in 
solution. The fractions containing the pure Vhh (as determined by SDS-PAGE) were pooled and the concentration was 
measured spectrophotometrlcally using a calculated E280 (0.1%) of 1.2 and 2,3 respectively for the aTT1 and aTT2. 
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From the UV absorption at 280 nm of the pooled fraction we could calculate a yield of 6 mgr of purified protein per titer 
^ of bacterial culture. The purified protein could be further concentrated by ultrafiltration to 6 mgr/ml in PBS or water with- 
out any sign of aggregation, as seen on the UV spectrum. 

Concerning the expression yield in E.coli it should be realized that at this stage we didnl try to optimize the expres- 
5 slon or the protein extraction conditions. However, as the yield of the purified aTT2 camel Vhh reached 6 mgr per liter 
of bacterial culture, and as we obtained the soluble protein at a concentration of 6 mgr/ml, it is clear that the expression 
is comparable or better than other scFv's or F^b's expressed in E.co//. Furthermore, the solubility of the camel Vhh 
aTT2 is certainly better than that obtained for the mouse VH fragments. The yield and solubility is certainly in the range 
needed for most applications. 

10 To proove the proper folding of the purified protein, the aTT2 was brought at a concentration of 3.9 x 10"® M and 
used it for CD measurement (FIGURE 7). The CD spectrum is characteristic for a polypeptide with a b-pleated sheet 
folding as expected for a well structurated immunoglobulin fold (Johnson, 1990). 

The camel anti-tetanus toxoid Vhh affinity measurements 

15 

The binding of the camel Vhh antibody to the tetanus toxoid immobilised on the microtiter plates was re\^ealed by 
the successive incubation with firstly, the rabbit anti-camel Vhh or rabbit anti-dromedary IgG and secondly a goat anti- 
rabbit/alkaline phosphatase conjugated antibodies (Sigma). The apparent affinity of the camel Vhh proteins against tet- 
anus toxoid was estimated by inhibition ELISA exactly as described by Persson et al. (1991) for the human anti-tetanus 

20 toxoid Fab fragments they produced in E.coli 

The specificity of the soluble camel Vhh tetanus toxoid was suggested from the ELISA experiments in which 
we competed the binding with free antigen was competed. An apparent inhibition constant of around 10'*^, 10"® M was 
observed for both Vhh fragments (FIGURE 8). This compares favorable with the inhibition constants for the human anti- 
tetanus toxoid Fab fragments cloned by Persson et al. (1991) which were in the range of 10'^ to 10"^ M. 

25 The measurement of the affinity constant by ELISA Is however, more reliable if determined according to the proce- 
dure of Friguet et al. (1987). With this protocol we found an affinity constant of 6.10^ M "* and 2.10^ M for the aTTI 
and aTT2 respectively These affinities are consistent with a specific Vnn-antigen interaction (the polyspecif ic antibod- 
ies generally bind their antigen with affinities of 10^ or less (Casali etal. 1989)). 

30 Epitope reoognition of aTTI and aTT2. 

Tetanus toxin consists of three domains. The C fragment binds to the neuronal cells, It is said to be the neurospe- 
cific binding domain. The B domain appears to be involved in the neuronal penetration of the A domain or L chain (Mon- 
tecucco & Schiavo. 1993). The L chain is responsible for the intracellular activity 
35 The C fragment is the most immunogenic part of the tetanus neurotoxin, and a recombinant C fragment is commer- 
cially available {Boehringer and Callbiochem). We showed by ELISA that the aTTI bacterial extract binds equally well 
both to the complete tetanus toxoid and to the recombinant C fragment. Therefore the epitope of this camel Vhh is 
present on the C fragment. By contrast, the aTT2 extract binds to the complete tetanus toxoid, but not to the C frag- 
ment. Therefore the aTT2 recognizes an epitope located on the A or B domain. 

40 

The in vivo neutralization of tetanus toxin toxicity. 

The neutralizing activity of the purified camel aTT1 or aTT2 Vhh domains against tetanus toxin was tested. As a 
control, eight NMRI mice of 8 to 12 weeks (80 to 100 gr) were injected LP. with 400 ngr tetanus toxin (SmithKline Bee- 

45 Cham Biologicals) (= 10 times the LD50) in 0.1 ml PBS. To test the neutralizing activity of the camel Vhh ^^'^ or aTT2 
we preincubated 4 or 40 mgr of this purified recombinant protein with 400 ngr of the tetanus toxin in 0.1 ml of PBS for 
30 minutes before I. P. injection into the mice. The survival of the mice was followed over a period of 2 weeks (FIGURE 
9). It is clear that all mice injected with the tetanus toxin alone or in the presence of a non-specific purified camel Vhh 
(cVH21 of Muyldermans et al., 1994) were killed within 3 days. The survival of the mice injected with the tetanus toxin 

so was increased significantly by the co-injection of only 4 mgr of the purified camel aTT1 or aTT2. The survival was even 
more pronounced for the co-injection of tetanus toxin with 40 mgr of camel Vhh- appears that the aTTI had a sligthly 
higher neutralizing activity than the aTT2. This could originate from its intrinsic higher affinity for binding the tetanus 
toxin (Simpson et al., 1990). Alternatively it might result from the binding of the aTT1 Vhh to the fragment C of the tet- 
anus toxin which inhibits more the toxic effect than the binding of the aTT2 to its epitope outside the C fragment. 
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The heavy-chain antibodies, such as those derived from camel, and their fragments present clear advantages over 
75 other antibodies or fragments thereof derived from other animals. These are linked to the distinctive features of the 
heavy chain antibodies and in particular the novel fragments which can be produced by proteolytic cleavage within the 
hinge of these heavy-chain antibodies to generate the Vhh and the (VHHh)2 fragments. The VH domain of a heavy 
chain has distinct genetic entities which confer properties of solubility not found in VH fragments derived from conven- 
tional antibodies. This property, in addition to its small size and to the fact that the amino acid sequence of the frame- 
20 work region is very homologous to that of human, ensures a minimum of immunogenicity. These properties would allow 
repetitive treatment with heavy chain Vhh fragments for passive immunisation or antibody therapy As mentioned 
above, Vhh and the (VHHh)2 fragments can easily be produced by proteolytic cleavage of camel immunoglobulins or via 
recombinant DNA technology 

The most important field of passive immunisation is intoxication due to bacterial toxins and in particular acute intox- 
25 icaton or intoxication due to drug resistant bacteria. Passive immunisation or treatment by antibodies is justified in 
those cases where vaccination is unpractical or its effects short-lived. They are particularly justified for acute intoxica- 
tion which if left untreated would have lethal or cripling effects. 
The following list of indications is non-exhaustive: 

30 - Tetanos due to infection by Clostridium tetani is an important post-trauma infection and current immunisations are 
not long lasting. It is also important in the veterinary field. 

Botulism due to ingestion of toxins produced by Clostridium Botulinum and related species. 
Gangrene due to infection by Clostridium. 

Necrotic Enteritis and Enterotoxemia in humans and livestock due to Clostridium Perfringens ingestion. 
35 - Food poisoning due to Staphylococcal endotoxins in those cases where antibiotics are not recommended. 

Pseudomonas infection refractory to antibiotic treatment and in particular ocular infections where rapid intervention 
is warranted. 

Diphteria toxin infection 

Pasteurella and Yersinia infection causing lethal outcomes in human and livestock. 
40 - Anthrax toxin produced by Bacillus Anthraxis and responsible for one of the five major livestock diseases. 
Infections due to other bacterial agents such as Neisseria or viral agents. 

Furthermore, the relative resistance of the Vhh fragment to proteolytic cleavage by digestive enzymes (e.g. pepsin, 

trypsin) offer the possibility of treatment against important gut pathogens, such as Vibrio cholera and other vibrios, 
45 enterotoxic E.Coli, Salmonella species and Shigella or pathogens ingested with food such as Usteria. 

Anotiier major target for immunotherapy is in the treatment of intoxication due to bites or contact with toxic invertebrates 

and vertebrates. Among the invertebrates are sea anemonies. coral and jellyfish, spiders, beas and wasps, scorpions. 

In tine vertebrates, the venemous snakes are of particular importance and in particular tiiose belonging to ttie families 

of Viperidae, Crotalidae and lapidea. 
50 Passive immunisation with partially purified immunoglobulins from immunized animals are allready being used. In 

developing countries, antitetanos and antidiphteria antisera are still produced on a very large scale, usually in horses. 

Anti-venom antibodies are produced, although on a much smaller scale, against venoms, especially snake venoms. 

Another field of application is in combination with the therapeutic use of toxins in medical or surgical practice where 

neurotoxins such as botulinum toxin are increasingly used. 

55 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: HAMERS Raymond 

(B) STREET: Vijversweg 15 

(C) CITY: SINT-GENESIUS-RODE 

(E) COUNTRY: BELGIUM 

(F) POSTAL CODE (ZIP) : 1640 

(A) NAME: MUYLDERMANS Serge 

(B) STREET: Paardenstraat 65 

(C) CITY: SINT-GENESIUS-RODE 

(E) COUNTRY: BELGIUM 

(F) POSTAL CODE (ZIP) : 1640 

(ii) TITLE OF INVENTION: VARIABLE FRAGMENTS OF IMMUNOGLOBULINS - USE 
FOR THERAPEUTIC OR VETERINARY PURPOSES 

(iii) NUMBER OF SEQUENCES: 10 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1*0, Version #1.30 (EPO) 

(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 95400932.0 



30 



35 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "OLIGONUCLEOTIDE" 



40 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



GATGTGCAGC TGCAGGCGTC TGGRGGAGG 29 



45 



50 



55 
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10 



20 



25 



40 



50 



55 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "OLIGONUCLEOTIDE" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
CGCCATCAAG GTACCGTTGA 20 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "OLIGONUCLEOTIDE" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

30 CGACTAGTGC GGCCGCGTGA GGAGACGGTG ACCTG 35 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 24 base pairs 
^ (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "OLIGONUCLEOTIDE" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
45 TGTCTTGGGT TCTGAGGAGA CGGT 24 
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10 



25 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc = "OLIGONUCLEOTIDE" 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

IS TTCATTCGTT CCTGAGGAGA CGGT 24 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 357 base pairs 
^ (B) TYPE; nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA (genomic) 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:!.. 3 57 

30 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

GAG GTG CAG CTG CAG GCG TCT GGG GGA GGC TCG GTG CAG GCT GGA GGG 48 
Glu Val Gin Leu Gin Ala Ser Gly Gly Gly Ser Val Gin Ala Gly Gly 
15 10 15 

35 TCT CTG AG A CTC TCC TGT GCG GCC TCT GGG GGA CAG ACC TTC GAT AGT 96 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Gly Gin Thr Phe Asp Ser 
20 25 30 

TAT GCC ATG GCC TGG TTC CGC CAG GCT CCA GGG AAG GAG TGC GAA TTG 144 
Tyr Ala Met Ala Trp Phe Arg Gin Ala Pro Gly Lys Glu Cys Glu Leu 
40 35 40 45 

GTC TCG AGT ATT ATT GGT GAT GAT AAC AGA AAC TAT GCC GAC TCC GTG 192 
Val Ser Ser lie lie Gly Asp Asp Asn Arg Asn Tyr Ala Asp Ser Val 
50 55 60 

46 AAA GGC CGA TTC ACC ATC TCC CGA GAC AAC GCC AAG AAC ACG GTA TAT 240 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Thr Val Tyr 
65 70 75 80 



50 



55 
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10 



15 



20 



25 



30 



35 



40 



CTG CAA ATG GAC CGT CTG AAT CCT GAG GAC ACG GCC GTG TAT TAC TGT 288 
Leu Gin Met Asp Arg Leu Asn Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

GCG CAA TTG GGT AGT GCC CGG TCG GCT ATG TAC TGT GCG GGC CAG GGG 336 
Ala Gin Leu Gly Ser Ala Arg Ser Ala Met Tyr Cys Ala Gly Gin Gly 
100 105 110 

ACC CAG GTC ACC GTC TCC TCA 357 
Thr Gin Val Thr Val Ser Ser 
115 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 119 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Glu Val Gin Leu Gin Ala Ser Gly Gly Gly ser Val Gin Ala Gly Gly 

15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Gly Gin Thr Phe Asp Ser 
20 25 30 

Tyr Ala Met Ala Trp Phe Arg Gin Ala Pro Gly Lys Glu Cys Glu Leu 
35 40 45 

Val Ser Ser lie lie Gly Asp Asp ;^sn Arg Asn Tyr Ala Asp Ser Val 
50 55 60 

Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn Thr Val Tyr 
65 70 75 80 

Leu Gin Met Asp Arg Leu Asn Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Gin Leu Gly Ser Ala Arg Ser Ala Met Tyr Cys Ala Gly Gin Gly 
100 105 110 

Thr Gin Val Thr Val Ser Ser 
115 



45 



50 



55 
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(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 381 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION:!, .381 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GAG GTG CAG CTG CAG GCG TCT GGA GGA GGC TCG GTG CAG GCT GGA GGG 48 
Glu Val Gin Leu Gin Ala Ser Gly Gly Gly Ser Val Gin Ala Gly Gly 
120 125 130 135 

20 

TCT CTG AGG CTC TCT TGT ACA GCC GCT AAT TAC GCC TTT GAT TCC AAG 96 
Ser Leu Arg Leu Ser Cys Thr Ala Ala Asn Tyr Ala Phe Asp Ser Lys 
140 145 150 

ACC GTG GGC TGG TTC CGC CAG GTT CCA GGA AAG GAG CGC GAG GGG GTC 144 
Thr Val Gly Trp Phe Arg Gin Val Pro Gly Lys Glu Arg Glu Gly Val 
155 160 165 

GCG GGT ATC AGT AGT GGT GGC AGT ACC ACA GCC TAT TCC GAC TCC GTG 192 
Ala Gly He Ser Ser Gly Gly Ser Thr Thr Ala Tyr Ser Asp Ser Val 
170 175 180 

30 

AAG GGC CGA TAC ACC GTC TCC CTT GAG AAC GCC AAG AAC ACT GTG TAT 240 
Lys Gly Arg Tyr Thr Val Ser Leu Glu Asn Ala Lys Asn Thr Val Tyr 
185 190 195 

CTA CTG ATA GAC AAC CTA CAA CCT GAA GAC ACT GCC ATA TAC TAC TGC 288 
Leu Leu He Asp Asn Leu Gin Pro Glu Asp Thr Ala He Tyr Tyr Cvs 
200 205 210 215 

GGA GGA GTG AGC GGT TGG CGA GGG CGG CAG TGG CTG CTA CTG GCA GAG 336 
Ala Gly Val Ser Gly Trp Arg Gly Arg Gin Trp Leu Leu Leu Ala Glu 
220 225 230 

^ ACC TAT CGG TTC TGG GGC CAG GGG ACT CAG GTC ACC GTC TCC TCA 381 

Thr Tyr Arg Phe Trp Gly Gin Gly Thr Gin Val Thr Val Ser Ser 
235 240 245 



45 



SO 



55 
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20 



40 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 127 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 



Glu Val Gin Leu Gin Ala Ser Gly Gly Gly Ser Val Gin Ala Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Thr Ala Ala Asn Tyr Ala Phe Asp Ser Lys 
IS 20 25 30 

Thr Val Gly Trp Phe Arg Gin Val Pro Gly Lys Glu Arg Glu Gly Val 
35 40 45 



Ala Gly He Ser Ser Gly Gly Ser Thr Thr Ala Tyr Ser Asp Ser Val 
50 55 60 

Lys Gly Arg Tyr Thr Val Ser Leu Glu Asn Ala Lys Asn Thr Val Tyr 
65 70 75 80 

2s Leu Leu He Asp Asn Leu Gin Pro Glu Asp Thr Ala He Tyr Tyr Cys 

85 90 95 

Ala Gly Val Ser Gly Trp Arg Gly Arg Gin Trp Leu Leu Leu Ala Glu 
100 105 110 

30 ^J^J- .pyj^ pj^g Yj^p Q-^y ^-^^ ^^J^ g^j^ g^j^ 

115 120 125 

(2) INFORMATION FOR SEQ ID NO: 10: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 98 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 



(ix) FEATURE: 

(A) NAME/KEY: Domain 
45 (B) LOCATION: 27. ,31 

(D) OTHER INFORMATION :/product= "OTHER" 
/label= CDRl 

/note= "This domain can contain up to 25 variable 
amino acid residues." 

50 



55 
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(ix) FEATURE: 

(A) NAME/KEY: Domain 

(B) LOCATION: 33 

(D) OTHER INFORMATION :/note= "Xaa at position 33 
represents either Phe or Tyr" 

(ix) FEATURE: 

(A) NAME/KEY: Domain 

(B) LOCATION: 41 

(D) OTHER INFORMATION :/note= "Xaa at position 41 
represents either Arg or Cys" 

FEATURE: 

(A) NAME/KEY: Domain 

(B) LOCATION: 43 

(D) OTHER INFORMATION :/note= "Xaa at position 43 
represents either Gly or Leu" 

(ix) FEATURE: > 
20 (A) NAME/KEY: Domain 

(B) LOCATION: 46. .50 

(D) OTHER INFORMATION :/prodUCt= "OTHER" 
/label= CDR2 

/note= "This domain can contain up to 25 variable 
25 amino acid residues." 

(ix) FEATURE: 

(A) NAME/KEY: Domain 

(B) LOCATION: 83. .87 

(D) OTHER INFORMATION :/product= "OTHER" 
30 /label= CDR3 

/note= "This domain can contain up to 25 variable 
amino acid residues." 



(ix) 

IS 



35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Glu Val Gin Leu Gin Ala Ser Gly Gly Gly Ser Val Gin Ala Gly Gly 
15 10 15 

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Xaa Xaa Xaa Xaa Xaa Trp 
*° 20 25 30 

Xaa Ala Gin Ala Pro Gly Lys Glu Xaa Glu Xaa Val Ser Xaa Xaa Xaa 
35 40 45 

45 Xaa Xaa Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn Thr Val Tyr 

50 55 60 

Leu Gin Met Asn Ser Leu Lys Pro Glu Asp Thr Ala Val Tyr Tyr Cys 
65 70 75 80 

so 

Ala Ala Xaa Xaa Xaa Xaa Xaa Trp Gly Gin Gly Thr Gin Val Thr Val 
85 90 95 



ss 



18 



EP0 739 981 A1 



Ser Ser 



5 



Claims 

10 1 . Variable fragment (Vhh) of a heavy Chain of an immunoglobulin devoid of light chains, which is encoded by a nucle- 
otide sequence obtainable by the following process: 

- treating blood iymphocytes or other appropriate cells of an animal of the Camelid family previously immunized 
with a determined antigen, in order to give access to their mRNA, 

15 - synthesizing a first strand of cDNA starting from the obtained mRNA, 

contacting the obtained cDNA with at least two different primer oligonucleotides in conditions allowing their 
hybridization to at least two complementary nucleotide sequences contained in the cDNA, said primers com- 
prising a BACK primer (back p1) having the following nucleotide sequence 5'-GATGTGCAGCTGCAG- 
GCGTCTGG(A/G)GGAGG-3' and a FOR primer (fbrp 1) replying to the following nucleotide sequence 5'- 

20 CGCCATCAAGQTACCGTTGA-3' 

amplifying the DNA fragment located between the nucleotide sequence hybridized with said primers and. 
recovering amplified DNA corresponding to bands of different size orders including: 

a band of around 750 basepairs which is the amplified product of the variable heavy chain (Vh), CH1 , 
25 hinge and part of CH2 region of a four-chain immunoglobin, 

a band of around 620 basepairs which is the amplified product of the variable heavy-<:hain (Vhh). long 
hinge, and part of the CH2 of the camel two-chain immunoglobulin lgG2. 

a band of around 550 basepairs which is the amplified product of the variable heavy-chain (Vhh). short 
' hinge, and part of the CH2 of the camel two-chain immunoglobulin lgG3, 

30 

purifying the two shortest bands from agarose gel, for example by Gene Clean, 
recovering the amplified DNA fragments containing nucleotide sequences encoding the Vhh fragments, 
digesting the amplified products with restriction enzymes having target sites within the amplified fragments 
and/or in the nucleotide primers, for example with PstI and BstEII. 
35 - recovering the digested amplified DNA fragments, 

ligating the amplified DNA fragments to a phasmid vector, for example in a pHEN4 vector, in condKions allow- 
ing the expression of the amplified fragments when the obtained recombinant vector is used to transform a host 
cell. 

transforming a determined bacterial host cell for example an E. Coli cell with the obtained recombinant phas- 
40 mid vector, and growing the cells on selective medium, to form a library 

- infecting the obtained library of recomk»nant host cells after culture in an appropriate selective medium, with 
bacteriophages, for instance M13K07 bacteriophages to obtain recombinant phagemid virions, 
incubating the recombinant host cells in conditions allowing secretion of recombinant phagemid virions parti- 
cles containing the recombinant phasmid, for instance the pHEN4 phasmid packaged within the Ml 3 virion. 

45 - isolating and concentrating the recombinant phagemid virions, 

submitting the phagemid virions to several rounds of panning with the antigen of interest previously immobi- 
lized, in conditions allowing the adsorption of the phagemid virions on the Immobilized antigen, 
eluting the adsorbed phagemid virions, and growing them on appropriate cells, 
amplifying the phagemid virions by infecting the cells with helper bacteriophage, 

so ' recovering the virions and testing tiiem for their binding activity against the antigen of interest, for example by 
ELISA. 

recovering the phagemid virions having the appropriate binding activity, 

isolating the nucleotide sequence contained in the phasmid vector and capable of being expressed on tiie 
phagemid virions as a V^h aminoacid sequence having the appropriate binding activity. 

55 

2. Variable fragment (Vhh) ^ heavy chain of an immunoglobulin devoid of light chains, which is encoded by a nucle- 
otide sequence obtainable by a process according to the one disclosed in claim 1 , wherein an additional amplifica- 
tion step of the cDNA obtained from tiie mRNA is performed with oligonucleotide primers having respectively the 
following nucleotide sequences: 
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BACK primer: 5'-GATGTGCAGCTGCAGGCGTCTGG{A/G)GGAGG-3' 
FOR primer: 5'- CGCCATCAAGGTACCGTTGA-3' 

3. Variable fragment (Vhh) of a heavy chain of an immunoglobulin devoid of light chains, which is encoded by a nucle- 
otide sequence obtainable by a process according to the one disclosed in claim 1, wherein the amplification step 
of the cDNA obtained from the mRNA is performed with oligonucleotide primers having respectively the following 
nucleotide sequences: 

BACK primer: 5'-GATGTGCAG CTGCAG GGGTCTGG(A/G)GGAGG-3' 
FOR primer 3: 5'- TGT CTT GGG TTC TGA GGA GAC GGT -3' 
FOR primer 4: 5'-TTC ATT CGT TCC TGA GGA GAC GGT -3' 

4. Variable fragment of a heavy chain of an immuglobulin devoid of light chains according to anyone of claims 1 or 2, 
encoded by a nucleotide sequence obtainable from blood lymphocytes or other appropriate cells of camelids 
wherein the camelids have been immunized with a determined antigen prior to the treatment of their blood lym- 
phocytes or other appropriate cells. 

5. Variable fragment of a heavy chain of an immuglobulin devoid of light chains according to anyone of claim 1 to 4 
encoded by a nucleotide sequence obtainable from blood lymphocytes or other appropriate cells of camelids char- 
acterized in that the camelids have been previously immunized with an antigen which is a toxin of a bacteria or the 
corresponding toxoid. 

6. Variable fragment of a heavy chain of an immuglobulin devoid of light chains according to claim 5 encoded by a 
nucleotide sequence obtainable from blood lymphocytes or other appropriate cells of camelids wherein the antigen 
is the tetanus toxoid of Clostridium tetani. 

7. Variable fragment of a heavy chain of an immuglobulin devoid of light chains encoded by a nucleotide sequence 
according to claim 5 wherein the antigen is a bacterial toxin or toxoid chosen among those of the following bacteria: 
Clostridium, especially Clostridium Botulinum or Clostridium Perfrtngens. Staphylococcus. Pseudomonas. Pas- 
teurella. Yersinia. Bacillus Anthracis. Neisseria. Vibrio, especially Vibrio cholera, enterotoxic E £q1L gplmgn^llg. 
Shigella. Listeria . 

8. Variable fragment of a high chain of an immuglobulin devoid of light chains encoded by a nucleotide sequence 
obtainable from blood lymphocytes or other appropriate cells of camelids. wherein the camelids have been immu- 
nized with an antigen present in venom of animals. 

9. Variable fragment of a high chain of an immuglobulin devoid of light chains according to daim 8, encoded by a 
nucleotide sequence wherein the antigen is a toxin or toxoid chosen among those produced by anemonies, coral, 
jellyfish, spiders, beas, wasps, scorpions, snakes, induding those belonging to the families of Viperidae, Crotali- 
dae, Lapidea. 

10. Variable fragment of a heavy chain of an immuglobulin devoid of light chains according to anyone of claims 1 to 3. 
characterized in that it conrprises the following aminoacid sequence: 
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GluValGlnLeuGlnAlaSerGlyGlyGlySerValGlnAlaGlyGlySerLeuArgLeu 

SerCysAlaAlaSerGly(CDR1)Trp(Pt!e.Tyr)ArgGlnAlaProGlyLysS!u(Afa/Cys) 

Glu(Glv/ LeuWalSerfCDR2)ArgPheThrl leSerArgAspAsnAlaLysAsnThrVal 

TyrLeuGlnMetAsnSerLeuLysProGluAspThrAlaValTyrTyrCysAlaAla(CDR3) 

TrpGlyGlnGlyThrGlnValThrValSerSer 

wherein C0R1 , CDR2 and CDR3 represent variable amino acid sequences providing lor the recognition of a deter- 
mined epitope of the antigen used for the immunization of Camelids, CDR1 , CDR2 and CDR3 sequences compris- 
ing from 5 to 25 amino acid residues preferably CDR1 contains from 7 to 12 amino acid residues, CDR2 contains 
Irom 16 to 21 amino acid residues and CDR3 contains from 7 to 25 amino acid residues. 

The camel Vhh specific amino add residues Ser 1 1 . Phe 37, Glu 44, Arg 45. Glu 46, Gly 47 are underlined. 

11. Variable fragment of a heavy chain of an immuglobulin devoid of light chains coded by a nucleotide sequence 
present recombinant phasmid pHEN4-aTT2(WK6) deposited at the BCCM/LMBP under accession number 
LJ\/IBP3247. 

12. Variable fragment of a heavy chain of an immunoglobulin devoid of light chains characterized in that it comprises 
the following aTTI sequence: 

GluValGlnLeuGlnAlaSerGlyGlyGlySeiValGlnAlaGlyGlySerLeuArgLeu 

SerCysAlaAlaSerGlyGlyGlnThrPheAspSerTyryi/aMetA/aTrpP/ieArgGIn 
AlaProGlyLysGluCysGluLeuValSerSerf/elleGly>*sp>*sp>*snArfifAs/i Tyr 
A/aAspSerVa/LysG/yArgPheThrlleSerArgAspAsnAlaLysAsnThrValTyr 
LeuGlnMetAspArgLeuAsnProGluAspThrAlaValTyrTyrCysAlaGlnLeoG/y 
SerA/aArgSerA/aMetryrCysAlaGlyGlnGlyThrGlnValThrValSerSer 
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13. Variable fragment of a heavy chain of an Immunoglobulin devoid of light chains characterized in that It comprises 
the following aTT2 aminoacid sequence. 

GluValGlnLeuGlnAlaSerGlyGlyGlySe/ValGlnAlaGlyGlySerLeuArgLeu 



SerCysThrAlaAlaAsnTyrAlaPheAspSerLysThrValGlyTrpPheArgGlnVal 



ProGlyLysGlu>*rgGluGlyValAlaG/y//eSerSer6/yG/ySer77irribrA/a7yr 



Ser>\spSer\/a/LysG/yArgTyrThrValSerLeuGluAsnAlaLysAsnThrValTyr 



LeuLeulleAspAsnLeuGlnProGluAspThrAlalleTyrTyrCysAlaGly \/a/Ser 



G/y7/pArgG/yArgG/n 7/pLei/i.eiiLeii/\/aGluThrTyrArgPheTrpGlyGlnGly 



ThrGlnValThrValSerSer 



14. Variable fragment of a heavy chain of an immunoglobulin devoid of light chains according to anyone of claims 1 to 
13 characterized in that It is linked to at least one further variable fragment of heavy chains of an immunoglobulin 
devoid of light chains according to anyone of claims 1 to 1 3. the Vhh fragments having the same antigen specificity 

15. Variable fragment of a heavy chains of an Immunoglobulin devoid of light chains according to anyone of claims 1 to 
13 characterized In that it is linked to at least one further variable fragment of heavy chains of an immunoglobulin 
devoid of light according to anyone of claims 1 to 13, the Vhh fragments having different antigen specificities. 

16. Pharmaceutical composition, characterized in that it comprises an immunoglobulin variable fragment according to 
anyone of claims 1 to 13 in admixture with a physiologically acceptable vehicle. 

17. Pharmaceutical composition according to daim 14 for the treatment by passive immunisation, of infection or acute 
intoxication by toxins such as those of Clostridium, especially Clostridium Botulinum or Clostridium Perfrinqens. 
Staphylococcus. Pseudomonas. Pasteurella. Yersinia. Bacillus Anthracis. Neisseria. Vibrio, especially Vibrio chol- 
era, enterotoxic E. Coli. Salmonella. Shigella. Listeria or anemonies, coral, jellyfish, spiders, beas. wasps, scorpi- 
ons, snakes, including those belonging to the families of Viperidae, Crotalidae, Lapidea. 

18. immunoglobulin variable fragment according to anyone of claims 2 to 1 0 for use for the treatment by passive immu- 
nisation, of infection or acute intoxication by toxins such as those of Clostridium, especially Clostridium Botulinum 
or Clostridium Perfringens, Staphylococcus, Pseudomonas, Pasteurella, Yersinia, Bacillus Anthracis, Neisseria, 
Vibrio, especially Vibrio cholera, enterotoxic E. Coli. Salmonella, Shigella, Listeria or anemonies, coral, jellyfish, 
spiders, beas. wasps, scorpions, snakes, including those belonging to the femilies of Viperidae, Crotalidae, Lapi- 
dea. 

19. Nucleotide sequence coding for a variable fragment (Vhh) a heavy chain of an Immunoglobulin devoid of light 
chains obtainat^le by the following process: 

- treating blood lymphocytes or other appropriate cells of an animal of the Camelid family previously immunized 
with a determined antigen, in order to give access to their mRNA. 
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synthesizing a first strand of cDNA starting from the obtained mRNA, 

- contacting the obtained cDNA with at least two different primer oligonucleotides in conditions allowing their 
hybridization to at least two complementary nucleotide sequences contained in the cDNA. said primers com- 
prising a BACK primer (back p1) having the following nucleotide sequence 5'-GATGTGCAGCTGCAG- 

5 GCX3TCTGG{A/G)GGAGG-3' and a FOR primer (forp 1) replying to the following nucleotide sequence 5*- 

CGCCATCAAGGTACCGTTGA-3' 

- amplifying the DNA fragment located between the nucleotide sequence hybridized with said primers and, 

- recovering amplified DNA corresponding to bands of different size orders including: 

10 a band of around 750 basepairs which is the arrplrfied product of the variable heavy chain (Vh), CHI, 

hinge and part of CH2 region of a four-chain immunoglobin, 

a band of around 620 basepairs which is the amplified product of the variable heavy-chain (Vhh), long 
hinge, and part of the CH2 of the camel two-chain immunoglobulin lgG2, 

a band of around 550 basepairs which is the amplified product of the variable heavy-chain (Vhh). ®^ort 
IS hinge, and part of the CH2 of the camel two-chain immunoglobulin lgG3. 

purifying the two shortest bands from agarose gel. for example by Gene Clean, 

- recovering the amplified DNA fragments containing nucleotide sequences encoding the Vhh fragments, 

• digesting the amplified products with restriction enzymes having target sites within the ampfrfied fragments 
20 and/or in the nucleotide primers, for example with PstI and BstEII. 

recovering the digested amplified DNA fragments, 

iigating the amplified DNA fragments to a phasmid vector, for example in a pHEN4 vector, in conditions allow- 
ing the expression of the amplified fragments when the obtained recombinant vector is used to transform a host 
cell, 

25 - transforming a determined bacterial host cell for example an E. Coli cell with the obtained recombinant phas- 
mid vector, and growing the cells on selective medium, to form a library, 

- infecting the obtained library of recombinant host cells after culture in an appropriate selective medium, with 
bacteriophages, for instance M13K07 bacteriophages to obtain recombinant phagemid virions. 

- harvesting the recombinant host ceils, adsorbed with the bacteriophages, 

30 • incubating the recombinant host cells in conditions allowing secretion of recombinant phagemid virions parti- 
cles containing the recombinant phasmid, for instance the pHEN4 phasmid packaged within the M1 3 virion. 

- isolating and concentrating the recombinant phagemid virions, 

submitting the phagemid virions to several rounds of panning with the antigen of interest previously immobi- 
lized, in conditions allowing the adsorption of the phagemid virions on the immobilized antigen, 
35 - eluting the adsorbed phagemid virions, and growing them on appropriate cells, 

- amplifying the phagemid virions by infecting the cells with helper bacteriophage. 

- recovering the virions and testing them for their binding activity against the antigen of interest, for example by 
ELISA, 

recovering the phagemid virions having the appropriate binding activity, 
40 - isolating the nucleotide sequence contained in the phasmid vector and capable of being expressed on the 
phagemid virions as a Vhh aminoacid sequence having the appropriate binding activity. 

20. Nucleotide sequence coding for a variable fragment Vhh a heavy chain of an immunoglobulin devoid of light 
chain, directed against an epitope of the tetanus toxin of Clostridium tetani, characterized in that it codes for an 

45 amino acid sequence according to claim 12 or 13. 

21. Nucleotide sequence coding for a variable fragment Vhh of a heavy chain of an immunoglobulin devoid of light 
chain, directed against an epitope of the tetanus toxin of Clostridium tetani, characterized in that is comprises one 
of the following nucleotide sequences: 

50 
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aTT1 



10 20 30 40 50 60 

' ' I I I I 

GAGGTGCAGdTGCAGGCGTtTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGACTC 



79 8p 99 100 110 120 

'•III 
TCCTGTGCGGCCTCTGGGGGACAGACCTTCGATAGTTATGCCATGGCCTGGTTCCGCCAG 



130 140 150 160 170 180 

• I I I 

• * ' I I I 

GCTCCAGGGAAGGAGTGCGAATTGGTCTCGAGTATTATTGGTGATGATAACAGAAACTAT 



19<f 209 210 220 230 240 

I I I 

GCCGACTCCGTGAAAGGCCGATTCACCATCTCCCGAGACAACGCCAAGAACACGGTATAT 



250 260 270 280 290 300 

! ! ' • • I 

• * • • I • 

CTGCAAATGGACCGTCTGAATCCTGAGGACACGGCCGTGTATTACTGTGCGCAATTGGGT 



310 320 330 340 350 

. . ; : : 

AGTGCCCGGTCGGCTATGTACTGTGCGGGCCAGGGGACCCAGGTCACCGTCTCCTCA 
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aTT2 



10 20 30 40 50 60 

1 I I I I I 

I I I I I » 

GAGGTGCAGCTGCAGGCGTCTGGAGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGGCTC 



70 80 90 100 110 120 

I I I t I I 

1 I • t I I 

TCTTGTACAGCCGCTAATTACGCCTTTGATTCCAAGACCGTGGGCTGGTTCCGCCAGGTT 



130 140 150 160 170 180 

( I I I I I 

CCAGGAAAGGAGCGCGAGGGGGTCGCGGGTATCAGTAGTGGTGGCAGTACCACAGCCTAT 



190 200 210 220 230 240 

I I I I I I 

* I I I I I 

TCCGACTCCGTGAAGGGCCGATACACCGTCTCCCTTGAGAACGCCAAGAACACTGTGTAT 



250 260 270 280 290 300 

I I I I I I 

> I I I I I 

CTACTGATAGACAACCTACAACCTGAAGACACTGCCATATACTACTGCGCAGGAGTGAGC 



310 320 330 340 350 360 

I r I t I I 

GGTTGGCGAGGGCGGCAGTGGCTGCTACTGGCAGAGACCTATCGGTTCTGGGGCCAGGGG 



370 380 
I I 

ACTCAGGTCACCGTCTCCTCA 
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aa/?iHJ,2163 
^5^,2177 



Pel B leader signal 1 Q V Q L Q {VH cloning site) V T V s S 

G CC QCC QMS (Xfi jClCC ATC OCC CAG CTG CAC CTS CAfi CAC CTC GAG CAT C CG OTT Ar^ CTC TCC AfiC 
^ Pat I Bst EII 



^ <*ecdpepcJde tag I i- . genlJJp 

C^C TAC CrC TAC GAC GTT CCX3 GAC TAC COT T CC GCC cnA CCA TAO ACT OTT 



FIGURE 2 
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pHEN4~ <K TTl 

10 20 30 40 50 60 

< f < I t i 
* \ 1 I I I 

GAGGTGCAGCTGCAGGCGTCTGGGGGAGGCTCGGTGCAGGCT6GAGGGTCTCTGAGACTC 
GluValGlnLeuGlnAlaSerGlyGlyGlySerValGlnAlaGlyGlySerLeuArgLeu 

70 80 90 100 110 120 

ill!! ' 

TCCTGTGCGGCCTCTGGGGGACAGACCTTCGATAGTTATGCCATGGCCTGGTTCCGCCAG 
SerCysAlaAlaSerGlyGlyGlnThrPhe AspSerTyrAlaflgTAla TrpPheArgGln 

130 140 150 160 170 180 

I 1 I I I t 

( 1 I I I t 

GCTCCAGGGAAGGAGT6CGAATTGGTCTCGAGTATTATTGGTGATGATAACAGAAACTAT 
AlaProGlyLysGluCysGluLeuValSer SerllelleGlyAspAspAsnArgAsnTyr 

190 200 210 220 230 24 0 

j I I I I I 

GCCGACTCCGTGAAAGGCCGATTCACCATCTCCCGAGACAACGCCAAGAACACGGTATAT 
AlaAspSerValLysGly ArgPheThrlleSerArqAspAsnAlaLvsAsnThrValTvr 

250 260 270 280 290 300 

; ' t 1 I I 

< t I I I I 

CTGCAAATGGACCGTCTGAATCCTGAGGACACGGCCGTGTATTACTGTGCGCAATTGGGT 
LeuGlnqOlAspArgLeuAsnProGluAspThrAlaValTyrTyrCysAlaGln LeuGlv 

310 320 330 340 350 

< I t I r 
1 > I I I 

AGTGCCCGGTCGGCTATGTACTGTGCGGGCCAGGGGACCCAGGTCACCGTCTCCrCA 
S e r A 1 a A rgS p r A I afll: T Ty rCy s; A3 aG 1 yG 1 nG .1 yTh rG 1 n Va J T h r Vci 1 Se r Se r 



FIGURE 4A 
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pHEN4- cH^TT2 

lO 20 30 40 50 60 

(till * 
t I I I I I 

GAGGTGCAGCTGCAGGCGTCTGGAGG^^GGCTCGGTGCAGGCTGGAGGGTCTCTGAGGCTC 
GluValGlnLeuGlnAlaSerGlyGlyGlySerValGlnAlaGlyGlySerLeuArgLeu 

70 80 90 iOO 110 120 

! ! ! I ! 1 

TCTTGTACAGCCGCTAATTACGCCTTTGATTCCAAGACCGTGGGCTGGTTCCGCCAGGTT 
SerCysThrAlaAlaAsnTyrAlaPheAs pSerLysThrValGly TrpPheArgGl rival 

130 140 ISO 160 170 180 

I I I I I I 

CCAGGAAAGGAGCGCGAGGG6GTC6CGGGTATCAGTAGT6GTGGCAGTACCACAGCCTAT 
ProGlyLysGluArgGluGlyValAlaGlylleSerSerGlyGlySerThrThrAlaTyr 

190 200 210 220 230 240 

• I I I I ; 

lilt* I 

TCCGACTCCGTGAAGGGCCGATACACCGTCTCCCTTGAGAACGCCAAGAACACTGTGTAT 
SerAspSerValLysGlyA rgTyrThrValSerLeuQluAsnAlaLysAsoThrValTyr 

250 260 270 280 290 300 

I I I I 11 

CTACTGATAGACAACCTACAACCTGAAGACACTGCCATATACTACTGCGCAGGAGTGAGC 
LeuLeuIleAspAsnLeuGlnProGluAspThrAlalleTyrTyrCysAlaGly ValSer 

310 320 330 340 350 360 

I t I "I I » 

I 1 I I t I 

GGTTGGCGAGGGCGGCAGTGGCTGCTACTGGCAGAGACCTATCGGTTCTGGGGCCAGGGG 
GlyTrpArgGlyArgGln TrpLeuLeuLeuAlaGluThrTyrArgPheT rpGIyGlnGly 

370 380 
ACTCAGGTCACCGTCTCCTCA 
ThrGlnValThrValSerSer 

FIGURE 4B 
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FIGURE 5 
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